Introduction
Titanium dioxide, also called titania, is a widely-used semiconductor material. It is used for a large number of purposes as a pigment, sorbent, photocatalyst, etc., and is produced by a number of companies by various techniques. The produced titania is often stored under ambient conditions, even in contact with ambient air. However, the storage of powdered TiO 2 in air may cause the formation of an adsorbed layer on its surface. The composition of this layer is dependent on the air
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vacuum after drying at room temperature in air for a week. Afterwards, the reactor was evacuated to 10 -5 Pa at room temperature for several hours until it reached steady-state pressure.
The gas phase composition was controlled by purging the gas through the leak valve into a monopolar massspectrometer APDM-1. The pressure was controlled with a Pirani gauge, which was calibrated with oxygen. Water vapor was always present in the reactor volume. Therefore, a special trap volume cooled to 173K was inserted between the reactor and the measuring volume. The scheme of the experimental setup is shown in Fig. 1 .
To avoid the loss of light quanta with energy less than the width of TiO 2 band gap, the external wall of the reactor was coated with aluminum foil, which effectively reflects the radiation in the range 200-1000nm. Such construction ensures that the number of quanta introduced to the reactor through the window is almost completely absorbed by the TiO 2 layer.
In some cases, the gas phase composition was controlled via condensation analysis. For this, desorption products were condensed at the temperature of liquid nitrogen. Then, the amplitude of a mass-spectrum signal and the residence time during the evaporation of condensed compounds were controlled. The mass spectrometer was tuned either for a multi-mass scan regime or for single mass detection during that process.
Irradiation of the TiO 2 surface was carried out with both visible (VIS) and ultraviolet (UV) light. The UV-light was generated by a high-pressure mercury lamp equipped with an infrared water filter and an optical filter for obtaining only UVA-light. The total irradiation value of 1mW/cm 2 was measured with a thermopile detector RTN-20S at the same distance from the light source as the reactor front window (Fig. 1) . The visible light radiation was obtained from the same light source with the use of interference filters for mercury spectral lines. UV desorption experiments were carried out on a sample immediately after the experiments on desorption without light, after repeat evacuation up to 10 -5 Pa. More detail of the experimental technique can be found in references [1] [2] [3] . Analysis of desorption products from the surface of sample 1 shows a high amount of NO. The actual number of nitric oxide molecules is four times higher than the amount of CO 2 . It can be assumed that the nitric oxide is formed in a considerable quantity (in comparison to CO 2 ) during the grinding of the TiO 2 crystal in air due to the oxidation of molecular nitrogen. This oxidation may proceed on the sites formed by breaking the metal-oxygen bond of the titanium dioxide lattice. The other possible method for formation of NO is through the reaction of N 2 O decomposition on the electron-donor site of the metal oxide surface [4] . In this case, N 2 O is adsorbed from the air along with CO 2 . As a result of N 2 O decomposition, molecular nitrogen and adsorbed atomic oxygen are formed. The latter can oxidize N 2 O into an unstable N 2 O 2 dimer. Decomposition of this dimer leads to the formation of NO in the gas phase. The entire mechanism of NO formation during the single crystal grinding is a separate challenge that requires further study.
Sample 2 (Pyrotechnical TiO 2 )
At the room temperature, only CO 2 and H 2 O release from the surface of sample 2.
The kinetics of CO 2 desorption is presented in Fig. 2a as a decrease in the adsorbed CO 2 molecule number. It matches the kinetics of a first-order reaction with a time constant τ 1/2 ≈6 min.
Sample 3 (Commercial TiO 2 P25)
CO and CO 2 desorb from TiO 2 P25 surface in the dark with the practically identical initial rates. Also, NO is registered in the reactor when the pressure reaches 33 Pa. The total amount of CO (0.25 µmol) and NO (0.75 µmol) in the reactor is still less than the amount of СО 2 (30 µmol). A mass spectrum of dark desorption products for sample 3 is presented in Fig. 3a . 
Desorption discussion
The composition of the adsorbed layer for all investigated samples of titanium dioxide includes mainly water and CO 2 . The amount of these compounds is high due to their presence in atmospheric air and the high adsorption ability of the TiO 2 surface with respect to these molecules [5] . The presence of two other gases, CO and NO, on the surface of the samples studied is not so prevalent and the actual amount depends on the nature of TiO 2 : -The amount of nitric oxide (NO) is greater on the surface of the titanium dioxide obtained by grinding a TiO 2 single crystal in air (sample 1); -No desorption products were found for TiO 2 prepared by combustion of titanium in pyrotechnic mixtures in air (sample 2) except for CO 2 and H 2 O; -The amount of desorbed CO is comparatively higher for the commercial P25 (sample 3) than for the both others. This could be a result of the synthesis technique.
Desorption under light (photodesorption)

Sample 1 (Single crystal TiO 2 )
Carbon dioxide photodesorption occurs under illumination of TiO 2 with UV-light. The kinetics of desorption may be described as a fast CO 2 desorption for the initial period (3-5 min) with subsequent slow desorption at a much lower rate. For the first step, photodesorption is obviously associated with the classical desorption of CO 2 under illumination by quanta with energy higher than the TiO 2 bandgap [6] . The second step of desorption may be described as a photocatalytic oxidation of carboncontaining compounds (e.g. CO) [7] by the lattice oxygen [8] followed by the reduction of the TiO 2 surface layer [9] .
Sample 2 (Pyrotechnical TiO 2 )
Irradiation of pyrotechnical TiO 2 led to the additional desorption of CO 2 , in comparison with the dark desorption (Fig. 2b) . Kinetics of this photodesorption are similar to the desorption kinetics in the dark and may be described as an exponential decrease with a time constant τ 1/2 ≈5 min. The difference for these processes is only the amount of the desorbed CO 2 : the characteristic value is 20 times higher for the photoinduced process than for the dark desorption. The calculation results illustrate (Fig. 4 ) that desorption quantum efficiency is maximal with radiation in the range below 400 nm, which corresponds to fundamental TiO 2 absorbance. Photodesorption of CO 2 at these quanta energies may be caused by a photocatalytic oxidation of carbon-containing compounds [10] . It may also proceed by the relaxation of a surface carbonate and carboxylate species. The formation of these species is favorable during the photooxidation of carbon-containing compounds by a mobile electron vacancy (hole) [11, 12] .
The transition of an electron from the TiO 2 valence band onto the surface with the following relaxation of surface compounds (e.g. СО 3 -, СО 2 -) is a predominant Fig. 4 . Quantum CO 2 photodesorption yield spectra for sample 2 (pyrotechnical TiO 2 ): 1 -CO 2 photodesorption during the initial illumination, 2 -long-term CO 2 photodesorption, 3 -diffuse reflection spectrum measured relatively to MgO powder.
process at the surface absorbance range (λ>400 nm). As the efficiency for photon absorbance at λ<400 nm is higher for TiO 2 than that for the surface absorbance process at λ>400nm, the quantum efficiency of photodesorption processes follows the same tendency.
The diffuse reflection spectrum measured for TiO 2 is presented in Fig. 4 for the mapping of the light absorbance boundaries.
Sample 3 (Commercial TiO 2 P25)
In contrast to samples 1 and 2, the photodesorption of methane was observed in addition to CO 2 and CO during the illumination of sample 3 with UV-light. A mass-spectrum of the photodesorption products from the surface of sample 3 is shown in Fig. 3b . The total rate of photodesorption is calculated to be 8.5·10
14 molecules/s. The photodesorption kinetic curves for CH 4 and CO are plotted in Fig. 5a . The nitrogen trap was used to remove CO 2 from the sampling volume to obtain these kinetic curves.
Additional long-term illumination led to a decrease of CO and CH 4 desorption rates. Also, the amount of CO desorbed from sample 3 reduced to a constant level. The additional second-order increase of carbon dioxide pressure in the reaction volume did not lead to any changes in the desorption rates of CO and CH 4 .
Nitric oxide desorbs from the surface of commercial TiO 2 P25 in the dark, but it adsorbs back onto the TiO 2 surface under illumination. After turning off the light it desorbs again to the gas phase. The kinetics of desorption is presented in Fig. 5b. 
Photodesorption discussion
A water molecule may be a reduction agent for a TiO 2 surface [9] under a light flux with sufficient energy to overcome the TiO 2 band gap. The reaction proceeds with the formation of hydrogen peroxide and an anionic oxygen vacancy:
[ [10, and 13] Methane desorption from the sample surface could be a result of the TiO 2 origin. Thus, it is possible that the methane was adsorbed during the synthesis of the commercial P25 or during the long-term storage (the atmospheric methane concentration is about 2 ppm). In this case, illumination of the TiO 2 caused the methane desorption from the surface.
Methane formation may also be a result of photocatalytic CO 2 hydrogenation by hydrogen from the air (atmospheric concentration of hydrogen is about 1 ppm). The photocatalytic reaction of CO 2 and H 2 with a high yield of CH 4 was observed in reference [14] : СО 2 + 4Н 2 → СН 4 + Н 2 О, Hydrogen can be also produced as a result of uncontrolled photocatalytic dehydrogenation of organic compounds adsorbed on a TiO 2 surface [15] . Consequently, a number of reactions proceed on the surface of sample 3 in the presence of CO 2 
Conclusions
The composition of the TiO 2 adsorbed layer is shown to be dependent on the origin of the sample. The adsorbed layer commonly contains water and CO 2 due to the wide presence of these molecules in ambient air and high adsorption ability of the TiO 2 surface. It is shown that some species could be desorbed from this layer only with the intake of the external energy (e.g. UV-light).
-TiO 2 prepared by the dispersion of a single crystal is shown to contain nitric oxide which may be formed either by oxidation of molecular nitrogen by lattice oxygen, or decomposition of atmospheric N 2 O; -TiO 2 prepared by combustion of a pyrotechnic mixture in air contains only CO 2 and H 2 O. The desorption quantum efficiency of CO 2 was shown to correlate with electron-hole pair generation under the light of a definite wavelength; -Commercial TiO 2 P25 is shown to desorb CO, NO, and СО 2 at the dark. Under UV-light, it also desorbs a considerable amount of methane. The possible reasons for the methane emission include the capturing of methane molecules during the production process and photocatalytic hydrogenation of CO 2 under UV-light.
